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Abstract
Utilizationof bananaplantfor makinghandmadepaperandcertaingradesof specialtypaperboardshavebeen
investigated.Thephysiochemicalcharacteristicsof thethreespeciesofbananaplantsviz.Musavelutina,M. paradisica
andM.sapientumavailableinNEregionofIndiawerestudied.Theplantsconsistsanaverageof25-27 %sheath,42-48
%coreand27- 30% leaves.Thecellulosecontentwasvariedfrom59- 63%,ligninfrom15.3- 18.2%andpantosan
from13.5- 15.2%.inallthethreeplantspecies.Thecookingexperimentswereconductedinanopenvatunderpressure
freeconditionusingNaOHandNa2C03ascookingchemicals.Thepercentagesofcookingchemicalswerevariedfrom6-
10%maintainingbathratioat1:6.Theunbleachedpulpyieldwasrecorded48- 52%.Thebleachingofthepulpswas
carriedoutusingH- E- H202sequencetoget60- 65%brightness.Thephysicalstrengthpropertiesofhandmadepaper
madefromthesethreeplantspecieshowedtensileindex55.4- 62.8Nmg-1,Tearindex10.4- 15.2mNm2t, Burstindex
6.2- 8.7Kpm2g-1withDoublefoldvalues300+.Howevercertainspecialtypaperboardsuchasleatherboardmadeoutof
bananapulpincombination'withbamboopulpshowedbreakingload120- 145(Kg),Tensilestrength(dry)220- 250
Kg/cm2,elongation39- 42%,linearshrinkage4.0%andareashrinkage4.2-4.5%.Anotherspecialtyboardsuchassolid
toughenedboardmadefromtheblendsofragandbananapulpshowedverygoodphysicalstrengthwithbreakingload
value160kgand90kgrespectivelyfor30cmand60cmspanwithminimumabsorptionofmoisture.
Introduction:
The handmadepaper industryhas recordeda steadyphenomenalgrowthin productionovertheyears.Inrecentyears,thedomesticdemandandthedemandin
the exportmarketare also increasingsimultaneously.At
presentaround55percentohotaldemandofpaperin Indiais
basedon consumerproductsand 45 percentis directed
towardstheindustrialsectorbutincaseofhandmadepapers,
95% demandis basedon consumerproductand 5% for
industrialbasedproduct.
Evaluationof non-competitivegradesof paper has
helpedthisindustryto progress.Thevarietiescanroughlybe
categorizedinto3grades:
. High gradesdrawing paperfor artistsand engineers
. Industrialpaperssuch as filter paper,Jacquardpapers
and electrical insulation papersand some specialty
boards.
. Fancy papers used for certificates,greeting cards,
decorative papersetc.
Hence, the handmade paper and boards have many uses
as office stationary Le. file cOvers and file boards, greetings
card, invitation and visiting cards, in converting industries
such asfolders and albums, lamp shadesand a wide rangeof
decorative items.
With the increaseof standardof educationandnumber
of technical and engineeringinstitutions,the demandof
specialtyhandmadepaperslike certificatepapers,drawing
papers etc are increasing along with certain non-competitive
varieties of hand made paper like greeting cards and various
decorative papers for domestic as well as for export. Being
eco-friendly, the handmade papers made from recycled
paper have their own identity in the market. Apart from the
conventional raw materials like rags, waste paper etc other
plant materials such as banana plant may be a potential
source for hand made paper depending on the availability in
the locality. Banana is an important fruit and vegetable crop
belongs to the genus Musa. It grows wild and also cultivated
on a large scale as a field crop as well as a backyard crop in
households (Fig.l ).
Fig. 1 Banana Plant - A potential source of raw materialfor
hand madepaper industry.
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Bananaplantsareavailableoverwideareasthroughout
thetropicsfrom30°N to 30°S of equator.India,beinga
tropicalcountry,bananaiscultivatedinabout1,86,000haof
land(Brahmae.taI.,1995).Theplanthasluxuriantgrowthin
well-drainedsoilwithamplemoistureanddecayingorganic
matter.Itcanalsoflourishon lightsandyorgravellysoilas
wellason stiffbutwelldrainclay,if thesoil isfertileand
facilitatesforirrigation.(Chadha,1962).
Fromthepseudostemportion6Iftheplant,crudefibres
areextractedon smallscaleandutilizedfor makingropes
andtwines(SaikiaetaI.,1997).Recently,studieshavebeen
madeonyieldandpropertiesofbananafibreextractedfroma
fewcultivatedvarieties.Theharvestedstalksoftheplantare
utilizedforextractionoffibres.Thefibreislocatedprimarily
adjacenttotheoutersurfaceoftheleafsheath.Itwasreported
thatwellcleanedandbrushedecorticatedwholeleafsheath
yields80-85%long(4-6mmfibre),slender(meanwidth17-
210m)fibres(EscolanoetaI.,1978).
Withthegrowingshortageofcellulosefibresearchfor
alternativefibreproducingplantmaterialhasbeeninitiated
in manycountriesthroughouttheworld.Thegenerationof
fastgrowingplantisthoughttobeoneofthesolutionstomeet
theshortageofcellulosicfibres(Atchison,1976;Watsonet
aI.,1976;ClarketaI.,1971;MohanRaoetaI.,1983;Singhet
aI.,2003).TheBananafibremayservepartlyasanalternative
fibrousmaterialin conventionalpapermakingprocess.
Assamandtheotherstatesof NorthEasternregionarevery
muchrichinavailabilityofbananaplant(Fig.2).'
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Fig.2BananaPlantation
Differentspeciesof wild and cultivatedvarietiesof
- bananaplantarefoundinthisregion.Bananaplantgrowing
wild in the forestsand hills and abundantlycultivated
varietiesremainswasteinthefieldafterharvestingthefruit.
Consideringthefibre.qualityandeasyavailabilityofbanana
plant,a studywasundertakenat NorthEastInstituteof
ScienceandtechnologyJorhat,Assam,Indiaforutilizationof
suchwastefibreformakingsuitablegradesof handmade
paperand boards.The resultsof the investigationare
presentedinthiscommunication.
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MaterialsandMethods:
Threespeciesofbananaplantsviz,Musavelutina,Musa
paradisicandMusasapientumwerecollectedfromdifferent
areasof Assam.The leavesandrootsof theplantswere
discardedand the stemportionwas consideredfor the
presentstudy.Thesheathswereremovedfromthestemand
washedwithcoldfreshwater.Thesewerethenconvertedto
stripsof90cmlengthandthencrushedinathree-rollcrusher
toremovetheexcesswater(Fig.3).
Fig. 3 BananaPlantation
Thecrushingactionreducesthemoisturecontentinthe
stripsupto45-50%.Thecrushedsheathswerethenair-dried
prior to chemicalconstitutionalanalysis.The physical
characteristicsof all thethreeselectedplantspecieswere
determinedin thefieldaswellasinthelaboratoryandare
presentedintable-1.
Proximatechemicalconstituents
Theair-driedstripswerecutintothechipsof thesize
3cmlengthanddriedinanoven.Thedriedchipsweremade
intopowderinawilleymill.Thepowderedmaterialpassed
through40BSmeshandretainedon60BSmeshwastaken
for proximatechemicalanalysisadoptingTAPPIstandard
method(TAPPI,1980)
Pulping
Forthepreparationofpulp,crushedsheathmaterialwas
convertedtochipsof3cmlengthandthentakeninastainless
steelvesselanddigestedunderpressurefreeconditionusing
NaOHandNazCa,cookingchemicals.Thepercentagefor
cookingchemicalswasvariedfrom6-10%maintainingbath
ratioat1:6for3hrsatboilingtemperature.Theaveragepulp
yield,theirrespectivekappanumbers,pulpbrightnessand
viscositywere determinedas per the TAPPI standard
methods.ThebleachingofpulpswerecarriedoutusingH-E-
HzOzsequence.Thepulpsafterbleachingwerewashedwith
coldfreshwaterandthendried.Thephysicalpropertiesof
thebleachedpulpsweredeterminedandrecordedintable-3.
Brightness
Thebrightnessofthebleachedpulpwasmeasuredin,a
Digitalreflectancemeterandtheresultswereexpressedon
thebasisofMgO=l00 '
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Scanningelectronmicroscopy
A smallportionof thedisintegratedbleachedpulp fibre
samplesof all the threespecieswere takenseparatelyand
afterproperlydried,mountedon specimenholderswith the
help of electroconductivetape.The sampleswere coated
with gold in an ion-sputtercoaterOFC 100,JEOL, Japan)in
lowvacuumwitha layer150-200nmthick.Theobservation
wasmadein aJEOL, JSM-35M-35CF electronmicroscopeat
anacceleratingpotentialof 15kV,micrographsweretakenat
thispotential.
Paper sheetmaking
The unbleachedand bleached pulps of all the three
speciesof bananawere takenin a laboratoryvalleybeater
andbeatenupto45°SRfreeness(Schopper-Reigler)at1.25%
consistency.Hand madepapersheetof 62 :t 2 GSM was
madein a hand madevat of the size i by i followedby
pressinganddrying.
Pulpstockpreparationandboardmaking
Formakingleatherboard,bamboopulpswerebeatenup
to thefreenessof45 °SR andwasaddedtothebananapulp
stockat 50 :50 ratio.2-3%rosinanda polymericemulsion
alongwith a rubberchemicalwas also addedto the pulp
stockduringbeating.So also,for makingsolid toughened
board,ragpulp was beatenupto 45 °SRfreenessandthen
addedtothebananapulpstockat50:50ratio.Thepulpstock
was sizedwith rosinand alum.A polymericemulsionwas
also addedto enhancethe physicalstrengthproperties.A
hardeningagentwasalsoaddedduringthepreparationofthe
pulpstock.
Testingofpapersheets'
The paper and board samples made from different pulp
stock were conditioned at65% RH at 27:t2°C for 2h and then
tested the different physical strength properties of the hand
papersheetand the resultsare presented in table 5 & 6.
--
*CED- Cupriethylene diamine, SR*-Schopper Riegler
UP- unbleached pulp, BP- Bleached pulp
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Table-1:Morphologicalcharacteristicsof Bananaplant
Particulars Musa Musa Musa
velutina paradisica sapientum
Stemlength,cm 350 380 400
Stemdiameter,cm 20 25 28
Noof leaves 7 10 10
Lengthoftheleaves,cm 165 150 155
Noofsheathinstem 12 10 10
Diameterofthecentralcore,cm 10 10 12
Greenweightofthestem,kg 28 40 35
Dryweightofthestem,kg 2.24 3.18 2.86
Fibreyield% 45-48 42-45 45-48
Averageconstituentsoftheplant
(%onOD basis)
Sheath 27 25 27
Centralcore 45 42 48
leaves 28 27 30
Table2: Proximatechemicalanalysisof Bananaplantspecies
Particulars Musa Musa Musa
velutina paradisica sapientum
Solubility%
Coldwater 2.75 2.75 2.82
Hotwater 2.85 3.10 3.10
1% NaOH 26.7 28.65 28.15
Alcoholbenzene 2.7 3.10 3.24
Cellulose%(Cross&Bevan) 60.1 59.18 63.0
Pentosan% 14.7 15.2 13.5
Lignin% 15.3 18.21 17.50
Ashcontent% 1.8 1.40 1.50
AlphaCellulose% 55.0 54.60 56.00
Silica% 0.60 0.42 0.56
Table3: Physicalpropertiesof bleachedpulpsobtainedfrom
differentspecies
Particulars Musa Musa Musa
velutina paradisica sapientum
Pulpyield%Unbleached 50 48 52
Bleached 46.3 45.3 48.4
Brightness(%) 62.4 60 65
Hemicellulose(%) 8.4 10.2 9.5
Cellulose(%) 34.8 33.7 37.8
Kappanumber 22 25 24
CED*viscosity(cp) 7.5 7.8 8.2
Initialpulpfreeness('SR*) 14 15 15
Final pulp freeness(OSR) 45 45 45
Table4:Mori>hologicalpropertiesofbananapulpfibres
Particulars Musa Musa Musa
velutina paradisica sapientum
Fibrelength,L(mm) 1.45 1.32 1.52
Fibrewidth,D (fJm) 22 20 22
AverageLumenwidth d,(!.1m) 15 16 15
AverageCellwallthicknessw,(un) 6 6 6
Runkelratio,2Wid 0.8 0.75 0.8
Slendernessratio,UD 65.90 66.0 69.1
Table-S:Physicalstrengthpropertiesofhandmadepapersheets
madefromdifferentbambooDulD
Sample Degreeof BeatingBurst Tear TensileDouble
freeness time index index index Fold
iSR) (min)(kPam'g"')(mNm'g")(Nmg"')
Musavelutina UP 45 120hrs 8.5 14.3 62.8 275+
BP 45 120 6.8 11.5 58.7 250+
MusaparadasicaUP 45 100 7.5 12.6 57.6 250+
BP 45 100 6.2 10.4 55.4 200+
MusasapientumUP 45 120 8.7 15.2 62.3 300+
BP 45 120 7.0 12.4 57.4 300+
ResultsandDiscussion:
Ithasbeenobservedfromtheaboveinvestigationthat
goodqualityhandmadepaperandafewgradesofspecialty
boardsviz; solidtoughenedboardandleatherboardscan
alsobemadefrombananafibreincombinationwithragand
bamboopuIps.
Table 1 & 2, showssomeof the morphological
characteristicssuchas height,diameter,greenand dry
weight,fibreyieldetcof threedifferentspeciesof banana
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plants.Ithasbeenfoundthatthereisnotmuchvariationin
morphologicalcharacteristicsamongthe threespecies.
Howeverimportantplantconstituentssuchas cellulosic
contentrecordedmaximum63% in M. sapientumand
minimum(59.18%)for M. paradisica.Likewise,thelignin
contentwasrecorded18.2%inM. paradisicandminimum
15.3%in M. velutina.Theotherplantconstituentssuchas
differentsolubility,ashcontent,silicaetcvarieswithina
narrowrange.
Table-3showstheyieldandpropertiesofbananapulp.
The unbleachedand bleachedpulp yieldwas recorded
maximum52and48.4%inM.sapientumwhileminimum48
and45.3%inM. paradisica.Soalso,brightnessofbleached
pulp was recorded65 and 60 % respectivelyfor M.
sapientum,M. paradisica.Theotherpropertieslikekappa
number,cellulosecontent,CEDviscosityetcofpulpdidnot
showmuchvariationamongthespecies.
Table-4showsmorphologicalpropertiesofpulpfibres.
Thefibrelengthrecordedfor M. sapientumwas1.52mm
while1.45and1.32mmrespectivelyforM. velutinandM.
paradisica.Theothermorphologicalcharacteristicssuchas
fibrewidth,lumenwidth,cellwall'thicknessetcdidnotshow
muchvariationamongthespecies.
Table-5shows the physicalstrengthpropertiesof
unbleachedandbleachedpapersheetsmadefromthese
threespecies.Tensileindex(58.7Nmg'l)of bleachedpaper
sheetrecordedmaximuminM.velutinawhiletearindexand
burstindexshowsmaximum05.2mN m2g'l)and (8.7
Kpam2g")M.sapientumshowsmaximum05.2mNm2g'l)(8.7
Kpam2g'l)in the bleachedpapersheetsmadefromM.
sapientumThetearindexvaluesrecordedforM.velutinand
M. paradisicawere11.5and10.4Nm2g'lrespectively.The
burstindexvaluedid notshowmuchvariationamongthe
species.
Table6showsthephysicalstrengthpropertiesofleather
boardsmadefromthemixtureofbananandbamboopulps.
Tensilestrengthofthelaboratorysampleshowshighervalues
250and140kg/cm2to thatof Bontexbrand(227and
90kg/cm2).Stitchtearstrengthvalues8.7-9.2kg/emthickness
werealsomorethanshank(4.8kg/cm)andcomparableto
bontexboard(8.7kg/em).The waterabsorptionvalues,
linearshrinkagea.ndareashrinkagewerealsolessthanshank
board.
Table7 showsthephysicalstrengthpropertiesofsolid
toughenedboard.Amongthethreespeciestheminimum
waterabsorptionvalues10.5%withmaximumbreakingload
values160and90kg(30emand60emspan)werein the
boardsmadeformthepulpsofM. velutina ndragpulpsof
50:50ratio..Theotherpropertiesweremoreorlesssamein
allthethreespecies.
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Table-6:Physicalstrengthpropertiesof cellulosicleatherboard
Particulars Laboratorysample Importedboardsample
A B Shank Bontex
brand brand
Apparentdensity,(g/ccJ 0.95 1.0 1.0 0.75
Breakingload(kg) 120 125 - -
140 145
"
Tensilestrength,(kg/cm2)
Dry 220 250 400 227
Wet 135 140 161 90
Elongationofbreak,%
Dry 39 45 32 110
Wet 20 21 20 31
Stitchtearstrength, 9.2 8.7 4.8 8.7
(kg/cmthickness)
Waterabsorption
(%bymass)
30min 12 11 41 57.
2h 18 23 44 60
8h 30 38 73 68
24h 100 95 101 74
..
Linearshrinkage, 3.5 4.0 7.0 2.8
%at1700Cfor1h
Areashrinkage,
.
5.4 4. 8.0 1.2
% at 100 OCfor 1 h
Table:7 : Physicalstrengthpropertiesof solidtoughenedboards
Properties Blendratio(Banana:ragpuJp)(50:S0)
M. paradisica M. sapientum M. velutina
Waterabsorption 13.5 12.7 10.5
(%)(24h)
Weightofsheet 3.82 4.17 4.52
(kg)1X1.5msheet
Waterpercolationtest Nil Nil Nil
Breakingload,kg
30cmspan 110 145 160
60cmspan 58 75 90
Fireresistance Satisfactory Satisfactory Satisfactory
Delamination Nil Nil Nil
AgroResidue
TheSEMmicrographsofbananafibreareshowninFigs.4-6
Fig.4 SEMofM. ve/utinafibre
-
..
Fig.6 SEMofM. sapientumfibre
.,
Conclusion:
It hasbeenobservedfromtheabovestudythatgood
qualityhandmadepapercanbemadefrombananafibre.
However,certainspecialtyboards uchassolidtoughened
boardandleatherboardsofgoodphysicalstrengthcanalso
be madefromthepulpsof bananain combinationwith
bambooandragpulps.Henceit maybeconcludedthat
bananafibremaybea potentialsourceof rawmaterialfor
handmadepaperindustry.
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